Catalyst Characterization. Powder X-ray diffraction (XRD) measurements were performed on the PANalytical (X'Pert PRO) instrument using a Cu Kα radiation (λ = 0.1541 nm). HRTEM observations were performed on a Philips Tecnai F20 G2 FEI-TEM electron microscope at an acceleration voltage of 200 kV. TEM samples were prepared on lacey carbon on 400 mesh copper grids. A drop of sample (5 µL) was deposited on the grid and left to air-dry. To quantify the loading of Ru, an inductively coupled plasma atomic-emission spectrometry (ICP-AES) was used. (Spectro Ciiros Vision, Germany). N 2 adsorption/desorption isotherms were measured using a physisorption apparatus (Micromeritics, ASAP 2020). Moreover, microwave heating was performed by using Milestone' START (power 300 W) instrument. H 2 pulse chemisorption for metal dispersion of all samples was performed utilizing an Autochem-2920 instrument. The amount of H 2 uptake during the reduction was measured continuously with a thermal conductivity detector (TCD) and the corresponding Ru dispersion in each catalyst sample was derived, given an assumption of a complete Ru reduction with the stoichiometry of H/Rus = 2.
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The metal dispersion can be calculated based on monolayer coverage of H 2 chemisorption as given in eqn (1) S1 D = (V m /22414) × S ×M w × (100/X m )
In which D is the dispersion in %, V m the mono-layer coverage in cm 3 g -1 , S the stoichiometric factor of H 2 to Ru atoms (S=2), M w the molar weight of ruthenium (101.07 g mol -1 ), and X m the weight fraction of metal on the catalyst. So, a value of D = 6.01% was calculated for the dispersion of Ru in the 4.01% wt. Ru@PDC sample. 
Inductively Coupled Plasma Atomic-Emission Spectrometry (ICP-AES).
The ruthenium content was quantitatively estimated by inductively coupled plasma atomic-emission spectrometry (ICP-AES). Typically, a 10 mg of Ru@PDC was treated with aqua-regia by evaporating to dryness. The process was repeated at least for 5 times, and the final 50 mL solution was made in dil. HCl medium. Similarly, another two sets were prepared. The average
concentration of Ru was estimated from these three set of solutions. The average Ru content (4.01wt%) was then calculated. Figure S1 . The pore-size distributions for as-prepared samples. Figure S2 . Typical SEM images of (a-f) the pristine PDC-800 sample with different magnifications.
S-5 Carbon Yield Calculation. The mass yield of the carbon is defined as the ratio of the mass of the resultant carbon to that of the mass of the precursor plastics taken, with both masses being measured on a dry basis and expressed in percentage (%) using equation (2) as follows:
where M 0 is the mass of the precursor waste plastics and M 2 is the mass of the carbon on a dry basis. showed that PET contains more carbon, nitrogen and hydrogen, but less sulphur than those of other samples (Table S2 ). All chemical intermediates were identified by comparing with authentic samples while using biphenyl as an internal standard, to understand the reaction pathway. In addition, the elemental composition of PDC derived from waste PET plastic bottles at different temperatures was examined by CHN/O analysis, as shown in Table S3 and S4. This analysis was done using the Elemental Analyzer (Perkin Elmer, Series II 2400) to evaluate the percentage of carbon, hydrogen, and oxygen value, determined by difference, according to previous literature. b Yield was calculated after CO 2 activation. c Surface area determined after CO 2 activation.
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The carbon yields under different carbonization conditions are summarized in Table S5 . It can be seen that the yields are very different after ZnCl 2 carbonization. The largest yield is 71.6% for PDC-600 and the smallest yield is 64.5% for PDC-800. Compared to ZnCl 2 carbonization (data not shown), CO 2 activation generally results in larger surface areas and micropore volumes (determined by N 2 adsorption). However, a slight decrease in yield is observed for PDC-800 carbon sample. It is expected that at the carbonization temperature of 600 °C and above, the extensive growth of graphene layers occurs mainly due to the intermolecular crosslinking of polymer chains containing highly organized aromatic rings. Consequently, the decrease in yield is observed due to the formation of simple organic moieties, which are easily volatile during the carbonization at high temperature conditions. S12 In addition, CO 2 activations also result in the large surface area, high porosity and thickening of the graphene planes. The formation of such structures allows for more graphene planes, which eventually enhance the catalytic active are responsible for the high catalytic activity in the presence of the NaBH 4 at room temperature. Order of the Reaction. Chen et al S35 reported that the order of the reaction can be expressed as follows:
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where n refers to the apparent order of reaction with respect to the [K 3 Fe(CN) 6 ], and k can be defined as:
When n ≠ 1, the definite integration of the differential equation (eq (4)) yields eq (5), where C A0 is the initial concentration of the reactant [K 3 Fe(CN) 6 ].
Importantly, eqn (5) can be used to quantitatively fit the curve C A vs. t data, then the apparent reaction order, n, and the apparent rate constant, k, can be obtained. 
